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(54) SEMICONDUCTOR LIGHT EMITTING ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture the high 
reliable and brightness semiconductor light emitting 
element by improving the light emitting efficiency while 
suppressing the decline in element characteristics and 
reliability due to the oxidation of a current diffused layer. 
SOLUTION: The semiconductor light emitting element is 
provided with a current diffused layer 7 between a light 
emitting part 3a including an active lawyer 3 and a p-type 
electrode 11 while a current blocking layer 6 opposing to : ; 
the electrode 11 is provided between the current diffused ■ 
layer 7 and the light emitting part 3a furthermore, the 
current diffused layer 7 is composed of a compound 
semiconductor (GaP) including no Al at all making a 
larger gap than that of the light emitting part 3a. 
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blocking layer is constituted from an AlxGal-xAs (0<=x<=l) layer or (AlxGa 1-x) a 
1-yInyP (0< x<=l, 0< y<=l) layer and the aforementioned protective coat is 
constituted from a Gal-ylnyP (0<=y<=l) layer As etchant for **********ing a current 
blocking layer, by using the solution of the phosphoric-acid system of H2P03 grade, 
the mixed liquor (sulfuric acid : thing which set H202:H20 as the predetermined ratio) 
of a sulfuric acid and hydrogen peroxide solution, or an aqua regia (mixed liquor of a 
hydrochloric acid and a nitric acid), a difference arises in an etch rate between a 
protective coat and a current blocking layer, and selective etching of a current 
blocking layer can be performed easily. 

[0188] According to this invention (claim 12), since large aluminum composition of a 
band gap constitutes the current diffusion layer from a light-emitting part by 0.3 or 
less compound semiconductor, the current diffusion layer containing aluminum 
becomes what the oxidization cannot generate comparatively easily, and is effective in 
the ability of the fall of the reliability of an element not to take place easily. 
[0189] According to this invention (claim 13), since large aluminum composition of a 
band gap constitutes the current diffusion layer from a light-emitting part in 0.3 or less 
AlGalnP layer, a current diffusion layer becomes what cannot oxidize easily, and can 
prevent the fall of reliability. 

[0190] Moreover, an AlGalnP layer can set up a band gap greatly rather than AlGaAs 
used as a current diffusion layer at the conventional Light Emitting Diode, even if 
aluminum composition is 0,3 or less, it can reduce absorption of luminescence from a 
light-emitting part, can raise the derivation efficiency of light by this, and can obtain 
the semiconductor light emitting device of high brightness. In addition, an AlGalnP 
layer is effective in that there is no bad influence according [ a GaAs substrate and a 
light-emitting part, and grid adjustment ] to eye a possible hatchet and the grid 
mismatching to a light-emitting part. 

[0191] Since large aluminum composition of a band gap constitutes the current 
diffusion layer from a light-emitting part by 0.3 or less AlGaInN layer according to this 
invention (claim 14), Even if aluminum composition of the compound semiconductor 
which constitutes a current diffusion layer is 0.3 or less, it is more possible than GaP 
to enlarge a band gap, in addition to oxidization suppression of a current diffusion 
layer, absorption of luminescence from the light-emitting part in a current diffusion 
layer can be reduced further, and the semiconductor light emitting device of high 
brightness which raised the derivation efficiency of light more is obtained. 
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•7K«. S§1t®&t/IB2#Sa«^'5>yK«S-IS<«g^ 

2^ea^8afet«ifc. 

^^col|2comfiSd&licli: . 
amiaiXm2<?)msa£iiS»4'?-it-e'*i. iBKKOait 

K^^i}?»^fl««±t. ^i'-=S:< fc t>® 1 ^^W^' 7 40 
±Mt. 



-&!|»¥#fr*»^>18JK$ tec V ^S^^HtK^-?. 
•yK®. ?Sttflatf^2^aSO^'^-yK®Sr)l<^« 

-rs i dES$n^:ll2S^coS5Saail:Mi: > 

mm.(^m 2 cmm^wcm t . 
mm2(/ymm!im±izm^!M:mtm-rhx om 

smssffljt^tt. mM*)tiiimmbmMb<m'c 

mm^b<mui. mmMbmmm<mco^y'' 

wmi&r/m2(nimmmti: mM*}tiiLmmb^ 
mMb<nmmmmmmi}'. um&mizisr! 
<\ib'iKti'i>xom^i:tmthi>(o-cs>*) . mm^,. 

^iix\^h^i¥mim^. 

[fisas] mimmi.<^t-^mmmisLb. 

«y KB. ?SttS&y^ll2#^0^' 5 >y KlSrM^^ 

^^iM^m^m±t:SM^tU::mS&ii:mb. 
S5fe3ta5&lX^afiihaJ:t:m$ii^2«^<^ 

t{t^m^mi^izit^x^mM^^< L^ttio-c* 
[^^6] mimm.ff)it^mmimisLb. 
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urn 1 <omsa£ifc«±K. mm^m^mfinzm 



i-,I n,N (0<xSO. 3, Ogy^l) IfftSif 
[00011 



mmimm2<om^smmii^ix^ii. mmotai sf&5ta5S:j#opn«^ife3t^^>f;r-h' (led) 

[it*«71 friB«SES£iiC««GaP»-CAI.if*« 20 IBea5i:«ffi«0iamaBI«^?r#SLT. ^KISS^ 

1 ^rv ^ L, 6 <0V ^-m^HcffiSciO^^ftlBt^^ . O^fJ^^riiaX *) JB L ^l^-f S i: *«^tr*6 . 

[it^asl loE^aSliStt (ZnxMgi-,) S [00041 ai4{i. fi!3l«OAlGaInPffe3^3»& 

i-,Sey (O^xgl. O^y^l) JifcSV^JiZnT #tSLED (!|#m^4-2 29 665^^«#Sg) <?5 

mm^. [00051 atCiJV^T . 2 0 1 {±P n^m^^ ^ 

lsmm9] loSSSaeiiCflttGai-, InyN® (0 -K (LED)-C. 'e<?3n-GaAsSS2 11±t 

gyg 1 ) Jgt'^Sa^JSl'&'V^LeOV^-fifD&^fceS »i. A 1 Ga I nPatta2 1 3*n-A 1 Ga I nP 

CO^ii^mM=F. T^^y Hfl2 1 2at/p-A 1 Ga I nPi^'^-y H 

irnmio] mmiSit:mm&mm±m<of^ m2i4izx*)mLx^£i>nmmm2iom.if^ti 

2mmi<o^^ymit. ^<^mimmuzx*)mh 30 •ctj'), ^<o««i^2io{4. r:^;i^7^o«^$- 

-ri,x -y ^>'^<jSlRttS:*^S^(*««*»'?><SjSS<X [00061 ttMhi^ 9 -/ KB 2 1 4 (^iS^O+fliaJ 

-CV^Sif3^1^:V^t6<:D»-^-fixA>fc:E«o¥^«£||3te p-GaAsay^'^'fJ|2 1 9*ggJfeS<i. ^ 

nyrJ'^' hl2 1 9±t:(i. AuZn*>/t»^SpSffiffi- 

[ifi^lll it^ 10a«<7)i|£#«c|Bie*^Kti 20 1b*«iift'^^Tt5'). *fcn-GaAsSS21 

V^T. icT^ffi^ffifcli, AuGe*»<i>^:&nSmS201a 

wESlSffilhMJi. Al.Gai-.As (0^x^1)1 im&^tlX^'^h. 

hi^Mi (Al.Gai-x) i-yl n,P (0<xgl. 0 [00071 ttz. CKOLED 2 0 ITtt. JJBJSttB 

<y g 1 ) JfC* 0 . 40 2 1 30pSSffi2 0 1 blTat^i'&tf-e^O^jflSS^i**' 

filBftMKJi. Gai-ylnyP (0^ygl)ST*S IBfe(Si^2 4 Ofc^roTfeO. ClOgP^i-t^EpAT^-r 

[^^121 l?ii£B8Sa£Stl{4. IgSfBteSPSrS^ [00081 ki-?>**, 01 4fc:5^^i a=5:ffl5t<^LE 

■tl.^f*cH^J: '3>'^'>' K^^ >y 7-<0^§ V^A 1 ffi^ D 2 0 1 Tii. p - A 1 G a I n P±^ 7 >y K« 2 1 4 

[113^131 fi£««a£tS«J4 (AliGai-.) ««240«. 3>^'^M219*Jj:lfmffi201b 

i-ylnyP (0<x^0. 3. 0Sygl)«-CJ>«.f9 </)limrfm(^^i:^j:l. ^t*)Z(7)LED201T 

m 1 2^oi|i^«c%jt^^. »4s m^mmizmtx a fc-ts%3BK*«±Epsm 

[if^ai4l 1i^SSSaSli®« (A l.Gai-.) 50 2 0 1 bCJ: OM'^ixSii: fc^rO. ^^±ffi*"|6l^<^ 



i{^2<^mmi!cs±tcess[iiitJSi:*ti6i-r-& i om 



[00021 

im^<DmS] A 1 Ga I nP^fffKi, ^im^i^K 



h{t-^mmmzitKx^(omiin< Ltii><r>x'h 



bLXm\'\ ::ttt<&?S^6A 1 Ga I nP*>(^^r 
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[0009] ::oJ:d^ra)SiAt:*tL. ^3Kg|5210H 

[00 101 {f«i.{fRfirF4-2296 6 5^4^ffit 

I3lTi O L E D to V •& . 

[0011101 5{iPtLEDSri»H81-S:t:i6<7)Brffl0 
•C*> *) . 0fcfcV%-C . 2 0 2 « P nm&fUC^'f ^- K 10 

(LED) -C, ±ELED2 0 IfcPia, -ffOn-Ga 
As»S221±fcfi, AlGal nPiStta223^ 
n-AlGaInPT^'7-yHa2 2 22W^p-AlG 
a I n P±^' 7 -/ KB 2 2 4 fci 0^ tT5rl.««fli 
it2 1 0*>m{t^>ifrtJ'3. C:c7^«jt2 2 0Ji. 3^ 
yiU^'rvm^i^U ^fittJ12 2 3-C|g^Ly::3t 

[00 121 '5-LTi<OLED2 0 2-CI±. ±^j%31S» 
£^fi!*-rS±^ 7 y Ym2 2 4i?)^ffl{i:, p -Ga I n 

o. ) 2 25i,zX'^mhtlX)5*).m.^Wm2 2 5ff)ip 
JfeSStS-t, n-AlGal nP*»^>^:5«SaaitS22 
6*«iIS$*tTV^S. *fc±a«^2 2 5&t^i^ 
ffljt^2 2 6±tHi. p-A 1 GaAs*>^>5rS«Sa£ 

ifcl2 2 7*ge«:$nTtJ'5. ms^tm227<Dm 
H±t. KaSEffijl:a2 2 6tSt|6li-SJ;ap-GaA 
s36»^>^:l)3y^'i'M2 2 9*«SS3*is CKO^^^' 
7h«2 2 9±fe:{ipffiBffi (AuZn) 202b*«g 
{t^><tTV^S. n-GaAsS«2 0 li^^ffi^ 

ffittt. AuGe*»^>^rSna«ffi2 0 2a*53i«Stl 30 

[00131 ii^tCKOLED 2 0 2<^^*StOV^-C 

[00 141 il-r. n-GaAs*R2 2 l±t;n-A 
1 Ga I nPT^7>yKB2 2 2. Al Ga I nP^gtt 
8223. p-A 1 Ga I nP±^'7v Ka224. p 
-Ga I nPt^W^yV^^"/rm22 5. &X/n-A 

1 G a I n PSgSffljhS 2 2 6 Sr«i»:«:g-ri. . 
[OOlSliJCfc:, n-Al Gal nP«gSaajtl2 2 

6 ^ S«?x .y J: oTf«;t{fP3JgtJllX-rS . 40 
t:. ±£W^> K^A- -yrm 2 2 5&t/m^ffljtfl2 

2 6±fcp-A 1 GaAsa^|£IS:a2 2 Tfcit/P- 
G a A s 3 y ^' ^ hfl 2 2 9 2rJl8<J:^;g-r 5 . 
[00161-eLT. p-GaAs3>'^^'b8229 

±WiAuZn*»/J>^:SpSmffi2 0 2b. t)tn-G 
aAs^Kl 5 HBtJiAuGe*><5>^:Sn-S«ffi2 

0 2aS:?g^i-S. 

[00 1 71 paSfii2 0 2b{i^v'Xh55:i:' 

^fflV^Tt 'J 7 b3j-7&*ytJiX>yf-yj5'at-J: 0 n - A 

1 Ga I nPmS^ffiJtl2 2 6^0ttJtt<0;^l®l.<l:a>'^• 50 



GaAsriy^'^'M229{i. jaRx»/^y^<tJ: 0 
[0018] ::<7)LED2 0 2T«. pafl|g202b 

i)^i^m^Bm2 2 7^\aA$tL:tmtS{i. s«^t!t 

12 2 7t:TSirifi)t:fi£IS[$tL, § ^,t«SEHLta2 2 
[0019] 

^fls5&3tSl^tt^^'^•Ctt. asa^ltlfcrJi, GaAs 
a«i:<^t&i^tV^^a^^>. AlSr^tfAlGa 
As5rfflv^TV^Jt5t«^)»:tfDJ: d^rraS^fc-^fc. 
[00 20] mK^KS^fcLT. (Al.Gai .) 
1-, I n,P?SfM<OA la^xi^O. 3T&Sllfe5Bt 
(I63ta*5 8 5~5 9 0nm) COJ^, AUG 

ai-,As«gSait;ifc«Ji. -e<^^>'>-H^-^-yr*J?sttS 
i7)A>K^A'<yr (2. 2eV) i 0 <^:-5'Ci} 
0. ?Sttl*»'o«o|fe3iet:*rLiiHgi:^rSt:{±AixGa, 
i-,As<OAia^xttO. 7 (v^'>'^'=^f-^r■yr^^i 
2 . 3 8 e V ) iaJ:t^L5:fttttf =a-^=&-*»-:'3t . 

[0021] *Jt. A 1 «fl:^«o+-c-t>Rjett*«:*;§ ' 

<. ^'f<Oggg^:t-fcl&^L-^^<. Al.Gai-xA, 
fe. Al,Gai-,As®iSffi£l![®t*»OAl<0l^i:«M : 

[ 0 0 2 2 ] %3taiHligi1-'C<0^^i:iOm 

(i. ±a«iia£iie+<55A 1 </y^^izimLxm^<m 

[00 2 3]|g2«0Kja^fcLT«. (AliGai-x) 
n7P?Stt«WAimx*«0. 5TS>5Mifi5Bt 
(^a^5 5 5nin) <0%&, Al.Gai-.As 

ti. Ai»dtx&$<i>t:iiinL^:»mif^'5=5:v^*«. A 

-y rJi-eiUJfc'iiM-f > A 1 im<r>mnaizX <o . 

[0024] |g3<0KS^Ii, A 1 mx*>-0 . 7JjLh 
OAlxGai-xAsBrtt. Al fcJg^LJt^cOi^ 
tiO. Zn. Be, Mg^rt'iOpaH->'-?yh<^^;t 

fc:«^ft<7)pMH-vN->'h<0tt*&Sr«^i:-fS. iO!^: 
t&^fi[ffiJ'W::^«OpSH->''«yh**fiRflEL. ^ 
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[0025] *iiBB«, ±Mff)Xd^m^(7^sm^im mMktmt^t(^Tm^im<omm¥. mt^m 



?S1M*»'?>fi3'^^r<t*.±^'^ yK««0J?$tffl 10 fl«&Ji(c. iJ'^:< i: <.^l^^<^^'5-y KB. vStt 

¥ft Lxmmm ( g a a s > i:t&i=»&?-ii:i.t«>A aifc . m^(^m^mmLizE.m^ixf:im2mmi(f) 

[0 0 27] oio. mmmbLx. tsuJioAy ^mrv^i.. 

H^A"y7'J:'):^^<AlS-^4>5rVWk-^«9^flt2-ffl [ 0 0 3 5 1 iiemiSfflihUi, SStBSJOaSLffll^t' 

t:. mssm±mbmmisiib<^izii. mmMb^snu 

'fii.mimmmeoit^mmwmib.m.^mm &^tix\>^t. 

i¥mLUz. :!^^j:<bi>mimm<oify'yvm. m. looseii^^Mmm. SBKHzotnLamsfc 

JifttJfii2«^o^' 5 y i^m^mm^ix^tm, m^b<^fSiv^imm^ifi. ^^at^T&^r 

Sib. mmm>m^w^izsSi^titj^immi(o <ab'iii¥txonsLi:wm-hi><DT$>o. wimM'^ 

«ss(ffl±ifc . mmM»x/f^ 1 mm<rmm±m± imm-h¥^mtmx *> t^v ^'^^r yrertx^ v^a 

rnmbimtx . [ 0 0 3 7 1 c:<oiibb imm4 ) izm^mnimM: 

[00291 ±Emggffljtfltt. mm*)\iiLmmmb lll^mS<0fl:^1*!^|i««^i:. 

a®a£IS«tt. ib»3R0fflLlimgi:f63ea5t<7)ia-C Jiat^lg2^^<7)^5«yKfl$-li<*3gjSLt:5rSlfe3t. 

om^imcth i>(^x'$>?> . SKisat . mm 1 o«8a£i«i±fc:. gi63ta5oH»r«<^. 

[00301 ^Lx. isMssss^ii. w^^im mi:^mttxomM.^td^2mm<onss!ajkm,^ 

^i^r(-»fl:^%^(**^.««siiTv^s. i<7)Zbiz m2^m.<^m2ffmsiSi^b. ieg2<oM!M,- 

[0031] ^iOlSBB (11^2 ) fflW^t S-ffii;tTV^S. 

TO. m 1 mmmc^^^mmii^b . ka:^^ [ 0 0 3 s 1 jjeesEiaihBJi. mM 0 aj Lfiissi: 

tmiLtti. 'M^j:<bi>mi m^co^ y >y VM. ?Stt 40 IBKgSi:«OS-C^coffifL?::ro -y ^'^SfccOTfe 0 . 

»&l^m2^^<?5:77-y F^^UffiJa^mLT^S^ w^ssi±mb^^b<mizii.^^bmm. 

^b. Wim^±izm&^tit:m2m9m<7)mi(omss. mmt^MTi^^xjj^vrx^i^^^^s'^Tnj^vTim 

mizamtx 0 wm^tu-zm i mmiff)^sis±m [ o o 3 9 1 ±sm 1 &x/m2<7)mssi&mmii. mm 

b.Wimi<^w^s^»x/m^m:M±izm0L^tdt *)\iitmBbmMb<7Mvm^im<mmp: u 

m2mw^com2<r>^s!mmb. ^2<^m^iis m^mizj^<amifi&xom^i:W$ictti><oT 

±m.^sisjtm bMm-i&Mizm&^ti/::tm 0 aj s> 0 . mmn^smmn. mi^i:m^t^mi - 

[00 321 ^miMti. Wcm*)tiit§m&bft ^m'(i>m^^tix\,^i. ^(^zbizx^iMmifi 
^b(mt-m^(7mtii:-/oy^''rht<DX'ho.m. 50 m.^tii,. 



[00261 



[0034] zmm (mms ) 
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[0040] Zff)WiR (if*«5 ) tSS^ft^Bt^ 
asfc. afBKa5<7)fi»r^lB«JbtES$<x^®SaiLjl:® 

[oo4i]±ESSDaitMtt. ibBRoaiLffismfiifc 10 

[0 04 21 ±ffi«a£fi£iS:S{±. iBiaXDtiJLffllSfiik 
<{ifcWI.J:d«i£^JfelSr^St.«-C*0. Sims 

[00431 ;:<OfKH (11^6) tSS^ftlSie* 20 

mmizfim-h x oWM^tifzm^smitmt . sie 1 « 

fiii-TV^S. 30 

[0 0441 JzS^gffljWti, mM*}tiiLmmmb 

[00451 ±SM 1 &x/m2(7)m^3mmii^tL^ 
-rst«o-c*)0. wmmstb,wiM\i. m.m^t:mm-f 

[0046] ClCl-C. ±Ea^l=5rV^t6<Oi|i^<*fS 
3l^i=^(CfcV^T, ?S5tt««. (Al.Gai-.) 1-yI nr 
PKO^xgl, Ogy^l) *><c.fl!«$fiT<.^5<r 

[0047] zcom (mm?) m^iKc\.^L6 

fetfcl G a PljiP^ffl^ Lit t S . 
[00481 ^OlIBg (it^8) «ifSJll'5:V^L6 
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1 0 

(Zn.Mgi-O Si-ySey (O^x^l, 0 
I. 

[0 04 9] Z<7)^ (mm9)ii. »*Jil^rV^t 
Sa£IS:l^Gai-y I n,N (O^yg 1 > a*><?>fll«U 
[0050] Zc^m (it*fll 0) «M3J«l=5rV^U 

^im&iti>m^±m<om2mm^(oi^ 5 y 

[oo5ilc:ioi&BB (saasi ii*3llO£ 

.Gai-.As (OgxSl ) a*&V4i (A l.G 
ai .) 1, I nyP (0<xgl. 0<y^l )«A»^ 
«JSU BoEfSaiS^. Gai-ylnyP (Ogy^l) 

[0 0 52 1 Cc^)||BB (mmt2 ) {4, lt*«l=3:v^ 
[0053] Z</)m (ft*«13){4, iS^12£ 

mco^^i^mM'fizii^'^x . mm^ssmmi. ( a 1 

xGai-») 1-yI nyP (0<xgO. 3. O^y^l) 

[00541 ^ionBH (if*ai4){i. mmi2m 

mim^»^m'1'izti\e^X. mamSUiSSimi: (A 1 
zGai-i) i-yl nyN (0<xgO. 3. O^ygl) 

[00551 ar. *f|BH<of^fflfc-:>v^-riiws. 

[00561 Zcrmn 1 ) trtJl^Tti. ^0 

fALmmbm^b(mr^. w^i6<7m^mtm^ 
[ 0 0 5 7 1 ^fc. mmm^mMx o t»'N>K=^f 

^-yrcO^^Vvffc^ili^firCflilSLTV^Sfci^), «tt 

aAsmSLbWH^-thA 1 GaAs*>^>^:&t¥3|W) 
[0 0 581 "5. fiaW). SSafiiiWtAlGaA 
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<0^TWiftf^-CJ±SlS<0fiT^?>®ffie^O«T*>'^ [0066] .icoffeHB (19^7 ) ttJV^TJi. «Sa£ 

[0059] ^^Ltit *|feBj-c(±miSafel4«fc:ttA 1 Ga A s tM^XA 1 Sr^^^rV^. ^(0^:«>. 

[ 0 0 6 0 ] 2 ^> t . ^SSi:,mm^i}^hii'M^j: < ^ti. :^izwm^ ifiJii" S fc S . 

ti>±^y ym<ommiiZlSM~r?>WSmtVC\,^^^t [00 67] ttl^ GaP^iClsRWrffllr^JtAlGa 

[0061] Zff)¥m (lt*«2 ) fcv^Tli. iWnai $n^3y^':?b«*s>PSttroTiet,iJ^=5r<T#. 

c:n^.<?)ISt^l ^^wBSSfflitl^^ftTV^Sfc [0068] ^<05HB (ftSSS ) tiJV^tJi, «^ 

S«aB!«0^J£l5tfl-CSffiBT««ligffljW<^am iitWS- (Zn,Mgi-i) Si-,Se, (OSxSl. 0^: 

JEAJSifclc^rO. «1Mt:fclt-6l6miS£- i OJEff ^7«0GaP«tl^t< (Zn,Mgi-,) Si-,Se,. 
SJlttTt^S. fi!*cOLEDcOAlGaAsTOSaJStSi:S-^T 

[00621 i<ofKB (11^3 ) fcJsv^TJi. ft^ A 1 ^#i:3:ir^. cicojt*. SSaSUcWwet^T^coK • 

^i:355-C^. fSSIS^fSB&fli-C^Stfctt:, [0069] ( Z nxMgi-i ) Si-, S e,flfcS 
S<^«!B9<7)ffl£IStfcJ:5S|^i&|!6<'ifc*>*^IEt=3: v^JiZnTeflTtt. GaPBi •5t»A:^^'^^r-/r^• 
[0063] Z(D?tm (it*B4 ) IciJV^-ca, iaJR^S^>tll^JT#. $^,fc:3t<7^ti5S!*^li4J:5-fr 
30filBgtcJni.-c. ^afeiita^2«(cL. ^fl.^.<OS ^S<o¥^ftiy£^^**^^>*t&. JnxT. (Zn. 
fc;^-fnKyr5:fflfflL3t:««SffljW$^afrCV^5<7) Mgi .) Si-ySe, (O^x^l, O^ySl) &6 
•C, fMaaol^SfiKliWCmffilToaggffliWO^a (,»«ZnTe«{±GaAsa«t>J:t;:5B1^f:<'?*&?^ 

S^ti^rt^S. 40 [0070] ^3t, ±ffiZnMgSSe«fcSV^{iZn 

[0064] (it^5) ttJV^ra. ^fia Te«{l^:BSS*«6 0 0- Cfcffi<. ^Sa£ISflOJg 

0 . sttico. «ffititifi]i-sa5^)-t«i><oj£«T-<^^ [0071] ^ionHH (if35fl9 ) tjjv^-cti. nm. 

ifim^X^. 3t<0^aiS!)*^|6l±$-t«:^«S<0¥^* iS[SiSrGai-, I n,N ( O^y ^ 1 ) mxm&tX\,'^i> 

mm^Hmi^tL?>. ttz. m^!MM<r^^t5XX/ -t*. Gai-,I n^N (Ogy^l)«JiGaP«J: 

[0065] Z<^WM (11*56) CiJV^TJi. 18^ ixS. mt. GsLi-y I n,N«ti. S««Si:LTfflV^ 
5<0l8fi!ttjDX.T, ^2^^<0ffiSl£IJta^ 2®t 50 t,iihGaAs tiim^&^^tf. ^(^&&m.t 1 0 
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00* CfcJJBZnMgSSe^cO^^iaS (60 0* 
C) iO©v\ 

[00 7 21 :iffimi (it*«10) fciJl^Ttt. ^ 

m. ^t^W^WM<r>^^m(r) (Ai,Gai-x) 1-y 

[00 7 3] CKOISBB 1) B?iE 

«g[aih®i&, Al.Gai-.As (0^x^1)1*1. 

(Al.Gai-i) \-y I nyP (0<xgl, 0<y 
^1) »*»^>filjaL. raEft^*, Gai-yln.P 

( 0 g y g 1 ) mipf>mm^x\^hn-v. ■aaaaihss: 

X>y^y^^-fS3t«)OX<yf-YyhtUT. HzPOs^ 

HeOj : H2O5r0f^(?)Ji:$t^L>t*>(O) . 

•3. «^i:«a[ffljtSi:«H'Cx./^y^'iaSfc:||*J 20 
«8aajW«oaKx-/f->:5^^S*K:?fd^f:*'' 

[00 74] Zff>m^ (it*«12) fctJV^TIi. ^ 
mwm^^3(3i. 0 fe^N'y F=¥^ >y v>A 1 ffl^ 
450. 3JaT«0fl:^W^fr-Clifi£LTV^^,:tft. ^ 

[007 5] ^«0|gBB(ffl^i3) icfcv^Td, 
i6l!tWSr5&3tl» J: 0 y TcO::^!' V^A 1 ffl^ 

*50. 3JaT<0A 1 Ga I n P^-dS^UTV^ScOT. 30 

Ttm\fh. 

[0076] AlGa I nP^JiAlffl^O. 
3OTT*>-5Tt)fiatfi»rCfflV»fcA 1 G a A s J: 0 1^' 

X. AlGalnPSJiGaAsSIRfciirfBKSPtia 

S^s^l^. 40 
[0077] dOHBB (^311 4 ) tfcV^TJi. ISS 
JfeiS^S:. ||3Kg5J:0t>A'yh'4fA'«yr<O:*:§v^Aia 

^0 . 3JaT<0A 1 Ga I nNlXli^LTV^StO 

•c, «sa£ic«^. -ecoflij£7^<oA 1 aj£#o. 3J3i 

T-eft -^T t> G a P J: I) feAy Kdf-v y r5r:*:§ v^feW 
[0078] 50 



(mMm. 1)01 Ji*ifeHB<^iiis<^® 1 1 i s¥ 

01 (d) tt-en-p*i.K^*iBies^^i7^To-fcx 

[0 07 9] atfcV^T. 100HJ>j!^<0jeSl<0 

-H100lS'«Bg-rSnfflGaAs««l±tC{±. -e 
<0^il±tw nST^ 5 y 2 . ?Sttl 3 . St^pSJi 
^'^•y Ka4S»r<fclg^:6tT^:&IS3lSK3 ailill 
$*i.Tt5 0 . SIBtas 3 a«:J^y;lxvTn«-&gSi&«- 
^?Stt«3-C^L:t3fc!)«aiS«-Sidt^roTV> 

[ 0 0 8 0 ] K^BtSS 3 aCDpSi^' 7 y KS4<^ffl 

M<O0rSffli^Kti n SG a P«gEffljhJg 6 *«SS$il 

Tv^i,. >i<o»ii^5at^ttsaaji:«6±nttP 
SGaP«sasisc®7*ggj£$ii-cfe"p. s«ea6ifcs 

7<0^t:«. J:S«jgffljh«6fcJt|6ji-«.J:3. Au 
Zn3&»f>^rl.pSBffil l*5Sa$<l-CV^S. ^pS« 
ffiJi, K?et:{±Tffl«A u z t±m<r>A\im<r>2m 

[0081] vIClT. Jb£T^'^-yKB2. SttBS. 

^ -y HB4 tt-g-tL-f (AliGai-x)i-, 
InyP(Ogxgl. O^y^l ) A^^>5:i.. CICOT 
^ -y H« 133} iL^ =y y H»4 Tti. t«i.{f -ecoffl^ 
Jfcx. y;!^x=l. 0. y = 0. 50. -e^OSWifc t> 
til. Ojumfc^roTtJO. T^'^-/Kfl2<0F— '-cy 

hZncO^-\'Urmg«ii:t>K:. 5X 1 0" cm-sfc^r 
-oTV^S. J:£S§ttS3-C«. -f-oajiUtx, y 
lix = 0. 30, y = 0. 50. -f-tfDl^iO. 50ju 

[0082] $^>t:. ±mmm5ii. mmmity 

= 0<OpSGai-, I nyP ( O^y^ 1 > *»^>^:0. ^ 
<7)mWliO. lixm. ■?-<0H-''tyhZn<0=^r^r'J7« 
S«5X1 0'8cm-3f:^:-7TV>S. ±SnMG 
aP«g£ffljhl6{i. ^-COaWO. 3/ini. ^ff)Y- 
/^yhSi<r>^^UTW^li2X lO^^cm-^t^-yX 
Ir^S. J:SpSGaPSSU£IS[17{i. -ewSW 
*J5/xm. 'E-<:0H-/\-yFZn<?)=^f-iryrSlg«5Xl 
OiScm-^fc^Sr-jTV^S. ttl^ lUnSGaAsSte 

2 K^SHtliAuGeA*^^:^ n^mffil 0*9^^$ 

[0083] <*:t:m:6«fcov^-ciiW?. . 

[0 084] nSGaAsaSlit. nSA 

lo.5 I no.5P3rnST^'7 yH«2tLT. Si^^ 
U7mS*«5XlO"cm-3fc^rSJ:aS$ 1. O^m 
eSmfi-fS. i^V^T. (Alo.sGao.?) 0.5 I n 
o.5P5:^tta3fcLTO. 5 0/zmgS<OJ?$l;B« 
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L. Sii>t:-?-«D±{'paAlo.5lno.5PS:pS±^'7 
'ym4tLX. Zn^-ryTig^'5XlOi7cm-3 

[0 085] 51$ aJi^'^ yb'«4±{c:pSGa 

m-3i:!S:Sj:d©$0. lummBUz^Ml. 

jiJg3&i2XlOi8cin-3fc:5rSJ:5 0. 3um<7)S.^iZ 
mmm-h (01 (a) ) . 

[ 0 0 8 6 ] act. nSG a P«8Sffljta 6±lC0f^tfD 10 

i^lWtX«y^y/-rS (01 (b) ) . 
[0 0 87] ClOX.y^^'^^^. Wv'XhiSl2i&l^ 

L (HI (c) ) . pmGaPimm^nusitfr:. 

AuZn*>^>^rl)PSSffil 1^. S^ffllltAuG 
e *>ii> nS«ffi 1 0 J Jg^-f S . 
[0088] 01 (d) J:3t:pa««il 20 

^^>f j!"- H 1 0 0 1 Sr^^S . 
[00 89] ^:iJ. ^^TJi. ±M^^m<0^mi 
MOcvD^iOifo/::**. ^ft<oj£;gSrffi<±. mb 

[0090] z<7)m^ff)mm i -ca. maaeiicw? 

1 S^Ai^rV^GaPl^rfflV^TV^SJtfe, ta!*««fc:*t 

ioo9i]m(mMi:tLx. GaP^jsimmuz 30 

ttA 1 3!)%^it-riv2:v^it«>. A 1 ffM^lcXhi^ff^ 

[00 9 2] 5g2«r«aatLT. (Al.Gai-x) i-y 
I n,P?SttS<OAlffl«x*JO. 5T*S»i5lfeM» 
(m^^5 5 5nm) (^i^^-Ct. GaPB«Ay 

[00 93] tg3i^«a*tL.T, GaPfltt. A 1 ffl^ 
xipO. 7jy±iOAlxGai-iAsBJ:0t>, Zn, B 40 

[00 94] |?4c7^fcUT. GaP»±liSMSr 
^(t*::fc3&«T'$S3t». fi!5feC5A 1 GaAs©gl6li 

m^Tti::. 50 
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[00951 ^^^nwm 1 izx i^t^mm=f-izm. 

8 5nmT3tS*«5cd5-j8i.S«)^^>iT^. *>* 
^tta£*OLEDT{4. m-ikPFTmii'ymii led 

[00961 ai^C, )SffiJi<Offlj£Sr (Al.Gai-.) 
1-, I nyP (x=0. 5 0, y = 0. 5 0) fcL^iiii 
t-:?«:S5 5 5nin-CGaPa<03t®JRffiJ^&* 
tri 0 3 c d ^ia;tS«»fe563t*«#'i>ft^.--^=5:» 

f¥3R<oLEDT-{±. m-^x\ wt<r>^tm^i c 

d$rjBl;c4e^S>-5:t. 

[00971 {^ff)jm2 ) 0 2I4*^C0||«S<0J& 
S2K:J:I.IBt:5^^^-H (^*I63I£«^) mm 
jt^^-THTfeS. 0t:tJV^-C. 01tl^-1?#J4^ 

ojg® 1 (^wty^i :t- H 1 0 0 1 1 n-^{><^'^^ 

100 2{44^i7)JBffi2<7)|Bt^>fjr-KT\ ± 
TM2etLX. Al Ga I nPaSrfflV^TV^i.^<0;* 

tn-xhh. 

[0 0981 -f-LT, «SSail:12 6J±, nM (Al. 
Gai-«) I nyP (O^x^l, O^ySl)**^ 

0. 70. y = 0. 5 0. -e<?5F-^^">'bS icO^f^rU 
7^{i:2xl 0i8cm-^ -ecOflWIiO. 3/xinf:^: 

[ 0 0 9 9 ] i<0 J: d ^:18«<^Jfi<^® 2 ^mtf^ 
:t-Hl 002TJi. «SgffljiJi2 6fc (A liG- 
ai-.) 1-7 I nyP (0^x<l. O^y^Dm^m 

v^Tv^SiOT, ±iBIISSiOjg®i<^«&mfc:ini.T. mT 

[0100] otO, J:£SaffijM2 62r«^SA 
IGal nPfc, mm25i:mmhvm.Ga.PtT 

?S. eefcjgKfbJc^fciOS^S (SffiE: Hj02 : H' 

t:||*«^tSt«). Stl?x-y^yr*siiriEk=S:'5. SiS 

^-^>bfcbT«'Jyia4, l^-Cti. AlGalnP 
<0x -/ f-y ^GliS*«G a Piox .y f-y ^OSLg J; 0S< =5r 
0. Satiis GaP^JX-y^y^'^SSAJA 1 Ga I n 
Pcox-y^y/jSSJ: OiK^SrS t v^diRfttSr^tt:*-^ 

[01011 (|IS6c0Jg®3) 03I4*!^«^«^ 

S3t:i6^r^3r-H (^*%3!^i^) <mmm 
(mm 1 (omty^ :t-Hiooii: tc^it* l 

[01021 10 0 3{4*IUftiOJgJi3<^)^^^'f:t- 
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YT. ^<r>y^ jT- H 1 0 0 3-CJ±. mSSffljhl 3 6 1 <^x >y ^y^GSL^OHtt. lliS<0JgS2 . 3 O^J: *) 

{4. ?Sttl3 3i: tT. ^$0. ( A 1 o.sG ^V^^iJ^lgt^rO. S8JSlS*f§'?>(cfliB&fl:§<ts 3 

ao.5) 0.5 I no.5PJiS:*UTV^S. -eofS^OiSlS Xh-^fiEST^I.. 

{4. gtHlfec^® 1 <7)i<7)fc N-T&S . [0111] ts:ii. LffmikcmmATM. ftSMfc L- 

[01 0 3] oa^O. iEaSfflihflSeJi. nSAl TGaPS:fflV^3tllte<OJglil~3fcl4P^'9. 

,Gai-,As (O^x^l) *»^>«^5ilTfc'). ^Cl c7*ffi<0Ga I n P^Ji^iOffl^fcJ: 0SSttfl4 3<0|6 • 

T'ti. -^<omH:x{4x = 0. 7 0. -e(^)K-^N':^hS m^LxmmiL^s-iXL^o^m&ifihhiP. -H)- 

3jumk^roTV^*, 10 4T{±. 1 0 O^ry^^^^hn-AgSk L 

3r-H100 3-C«. m8SEfflil:«36{CAl.Gai-,A [0112] (UtecOJ^SS ) 05»4*l|8B<O^cOJg 

[0105] -5i<3. J:ESmihS3 6i&fil«-r5A <7)}gffil<0^:5^>f :t-K 1 0 0 1 i:N-<0t<0i&5rc 

IGaAsfc. ffiai3 5SrW^SpaGaPfcT "T. 

Xy^-v>-btLT. HaPOs^'JygSgOSS [0113] 1 0 0 5^4:*^<0Jg®5^O^r>^^i■- 
^«. ^efc®K^fg*i:«S^?S (iSB! : H2O2 : H KT. ClcOfBKr^^r-K 10 0 5TJ4. «aa£fkS5-- 

13. j^yi-y-nsL^izm^tt. zix\imm<mm2 20 fi^ssfcu-cpSGai np«$rffli\ 

tOAl Gal nPtGaPkoOHOXyf-y^^^iOll it«56i: tTnSA 1 Ga I nPg^fflV^TV^S. -f: 
JSlg**$'c>KfS«frfl:$fL3Xb^««-C^ [01 14] t^*)^. KI63ea53a±W4mi<OpS' 

5 . G a p«saeifci 5 7 36g^js§<tTt5 0 . 

[0106] mmmm)m4\i:^fim(r)m&m pmmm5 5iizx*)mi?nxti*).mmm5 5ffmy 

m4iZiitm:^-<yt~V ) mmm BcOBr^fflSlhtlinSAl Ga.I nP^lffljt^S 6 

<7»gffilOj^^>f ^-Kkl^— cOtcoS-SLTV^S. «5 6±tc{4m2<0pSGa P«^£l5t«5 8im&^:- 

[0107] 1004 ii:mmmm4 m^y^ yt- tixa*). mmmasMm 5 scoaffitui. ±a«saaih 

\iX. ZCO^r-(yt-V1004-Cii. fmM4:5l,Z 30 «5 6i:it|6rrSJ:o, AuZn*»^>^:SpSaflil 1 

pSGal nP^5-fflV^-CfcO, ®SaiM4 6i;tT iWg^flTV^S. 

nSA 1 Ga I n PaSrfflV^TV^S. ^im<mmim [0 1 15] ClClT. ±MeS^l&X/f^2<m^BllM5' 
mc^Ml<^)^:f^yt-V100 1tm-'X'hi>. 7, 58«0Sff{4'e<X-f*1.2. 5jumt^:r>-Ct>'5. -e. 
[0108l-:>i>3. tfe^4 5J±. pSGai-yln, tf)H-/WhZn<?>^-v>»Jrifte[tt5X 1 Oi8cm-3-C 
P (O^y^l ) 3{P<5>m$*l.TiiO. :LZTli. -eco fiiaJi5 5tt. pSGao.5ln».6P*»i^. 
ffllRJtyt4y = 0. 5 0. -e^^KWN-yhZncO^-v!; ^rO. -e<O®Sli0. l^m, JfiOF— /^yhZn<?>ilf > 
r«iS«i5Xl 0»8cm-3. •ec'DJi^iO. lumb'^j: -vUrSS«5x 1 0"cin-3i:^roTV>S. m: 
o-CV^I.. S3BjtB5 6{i. nS (AliGai-,) 1-7 I n,P CO- 
tOl 09] *7t«S3HjhS46{4. ffSO. 3umff) gx^l, O^y^l ) *>^>fil«$tL-CtJO. i^T 
(Alo.vGao.s) 0.5 I no.5P*»f>^'). ^iOKw-C 40 -e<?>ffl^xjix = 0. 70.y = 0. 5 0, -eJ^ 
yhS i(0^^'jrii]S{i2xl 0i8cm-3k^:-,t"V^ HwtybS i<0^lrU7^tt2X 1 QiScm-s. ^ 

::coi35:fl!B£c7)llli«0}gffi4<o^^^^i--Hl cofl^iO. Sjumfc^roTv^S. 
0 04Ti4. ft^4 5tpaGai-y InyP (O^y [ 0 1 1 6 ] *||te<^.®5tJ:S^{*%3l^^iCJi 

g 1 ) S*fflv^Tv^i,o-c. J:ailtt<ojg®i<o5&St Jrr6itmE*9JJ)nL«S[^S[L:'tk::^. hr-^'«S5 

MIX. WT<^**»'*5. 8 5 nin-C3K^J6 c d imttm^m^ilk. 
[01 10l±EfiS^4 5^<S^SGaInPl [0117] ist. Sttfl(Offl*i& (Al.Gai-.) 

k. Sltt<^ffil~3-C1Keait«t:fflV^7t (Al.G i-7lnyP(x = 0. 50. y = 0. 5 0) bLtikZ 
ai-.) i-yl n,P«^Al.Gai-.Asi:J^ST{4, U-^'«:S5 5 5 nm-C4 c d$-il8xStifi*ife^' 

x.y^-vyhi:LT±SIISt<0Jgffi2atX3t'5^Lytt 

coS-fflv»Sfc. x-yf-y^'jSStllA^itS. Jio^ 50 [0 118] c:«oi3=arfil««o|IM<ojg®5fcJ:Si^ 
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mx'&ii'^i^m^. ^io«sastsc«-c§<?>t:i£*« 
[ 0 1 1 9 J immmme ) m6ii:^mcomm 

<0?B®l<OlBt:J^^:t-Kl OOlfcH-OtcT)^^ 

4<'D^fflOmSS«±fc{±paG a A s ^gffljtSe 6 
RX/pMA 1 Ga l nPIKSfaih«6 8*M$*lTV^ 
5. J:£±i'5 yH«4&t^«SIBljlJi68±fc: 

j±pSGaP«aa£is«7*<m$*iTti>), UMm. 

Sid. AuZnA»/i>^rSpa®Bil l*«B$iiTV^ 

[0121] ddTti. JigpSGaAsmggffljhfle 
6{i. HwN"ybZn<7)4f-\'U7li^'lX10i7cm 
-3. c7)«Ji[*«0 . 3;umi::3:-5-CV>i,. ^JtiJEpS 
AlGaInP«g£Hjhli6 8{i. (AliGai .) 
i-yIn,P«*»^,^r'). -etomttx, y*>'x=0. 
7. y = 0. 5. -eoH-^N'ybZniO^-vUTie^ 

lxl0i7cm-3, ■?-c7)flg3{^0. 

[ 0 1 2 21 vliOJ: d^:filJ£<^^<^®6c7)^|^«c^ 
«8£iajW 6 6 $r«tj£^S pSG a A s B 
±^'7>yKS4^fli)«W&AlGa I nPSfccO* 

KH4C0. SlSiajk«*«=5rV^^^<0A 1 Ga I nP« 
mSai£ISc«^«lS-rSGaP«i:<0^xo>F^J: 

[01231 ^ftft^^ Jf- C: 3 ^rv\> H 

[01241 tt:. ^immDmmeTii. GaAs^ 
ffljM6 6i:Al Ga I nPlSEffljL16 8*«i: ttp 



mm^(o^mimikco&mzx ^m&v^ . sjsxg?: 

jSB&fl:T^«.i:t*>{C. pS±^'5-yHl4^<oa#m. 

[ 0 1 2 5 1 ^mSkmm-Cii. ^TP>'^'JT2: 
ifflfflLitmSaaitSS:. pMGaAslE8afljhS6 6± 
liZ^l^iZA 1 Ga I nPS8SfflLjk^68SrJB^tJt2ffl 

10 »/ ^'jft*** 1 mmm<7)n^jkmtitKX:k^ < 

[01261 (mmtmmi ) H7{4*iiHB<oitsfi<o}B 
S7fc:j:si£3te^^5r-K mmm 

1 cofBK^^^ K 1 0 0 1 fc t WiJr^L 

[0127] 1007li4^«Jg®7cOSBt^^^:t- 
HT. J:<7)5^^>f3r-K10 0 7TI±. fBtS3a2r 
<f^l.±^'5-y h'B4±tA 1 GaPtRM7 5?r}g 

20 jsu. K»aa^is<o«fiii nzuvb-nmrnizA i g, 

aAsmBSI9jlJi7 6^^(t. {K^7 32:^iSd9jl:ln 
76i:ISIk:. mmm7 5t9SSMmM7t(m<^y' ■ 

-ecoffiKOfijjSJiHSicojgS 1 <7)fc ig— c*s . 
[01281 ^tO. ±E«lia7 5Ji. pSAI.G. 
ai-.P (Ogx^l) 3{)>^>^r'). ffl«ltx{±0. 5. 

«. 5X1 0>8cm-3i:^:oTV^S. 4fc±ffi«8SffljI:; 
S7 6{±. pSAKGai-iAs ( O^x^ 1 ) *»<?>^r; 
30 0. -ftOffl^xtiO. 7. 'i(n]^—J^yhZn(0^^: 

^r>X\'^h. 

[01291 o iz^mmc^mmiTii. m^3 

765rffi«-r5AI.Gai-.Asfc. {fea«75Srfli«: 
•tSAl.Gai-EPfc?^. ^:*t6<?DS{;'v^o»^*gg- 

jSJcJ:*). 5l3tai3a±<0«gafljl:H*«^rV^ffi«-CiO. 

40 w^mMitrmm-iGaiPmbmmisitmt 

& A 1 1 Gai-i PatOiao^rn^R^J: 0 1:^^ < 
[ 0 1 3 0 1 i^:. *S|it<7)}g® 7TJ±. miiaaiW7 

6 jEppst^^^ s ^«>. mt3±izii^xm tmm 

50 f^Sttttc:. pMi^'^yb'a'^cOjat^^f'WRJi 
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>lk<mW^^zXh^^m<:^tiMmt^t. [0140] «lgiaihS9 6S:,^fitn:l:-tS* 

[0131] (mm<r>fm8 ) m8ii^¥tmcrmsk<m tzii. ^msi: H-rL^:v^*-&^i^^}B 

■f. £600X:t^SC:i:-C«SSfflal:®962r©^t-r5 

[0132] 100 8\i:mmmm8<7mt^^ ^- nt^-c^ fz. 

VT. Z<rmty^ K 1 0 0 ^SSIfclS: [0141] i^?mi&fOim9'C\t. i^mSSSSIfel 9 6 

mmmt. miiL<mmem3ty^ :t- h i o o 6 1 lo # tft^. mm<r). mm<nm.u^^nm-hm\^x 

[0133] i^i?*>. mM3 a mmh^mi.^ i:imm<n^wmm=Fmt>ixh . 

7 -y H14±t<i. H 1 <0G a PmSaSitSS 7 a*^ [0142] iA:, ::<0^<OJg®-Ctt. flSail:«9 

ao.3) o.5l no.5P«Saa±Ji6 8*liilM$*l.TV^ [0143] <||iS<OJg® 1 0 ) 01 0{4*I|B8<^^ 

±iemi<0«mi4®87aat/g{pSA 1 <0?g®l OtJ:SIBKr>f:t-H <0 

Ga I nP«gaajl:«88±fct4. ^2c7)paGaPm BfffifiljiJ^^-e&S. HtM^r. E9k|^flr^ 

SaKlica8 7b*»'»j£$il-Cte'9, i«aa^870 li»fi^®9i0lBli^^jJ--b'100 9k|Hl^t,<0 

AuZnA>^>^r2.pMSBil l*^iia$nTV^S. [0144] 1 0 \ 0\±^mL<mmi OfT^atiT ^ ^ 

[0134] r^-C. J:Slgl<0«S[fi£IJ[fl8 7a&lf -FT. C^OfBfcJ^^f :t-K 1 0 1 OTJi. ^afelfcl 

Ig2i0^a6lfce8 7b<0fl®±-eit-ril2. Sjumt $^2®fl^i:L. -fcTjSti^ffljib^i&gftTV^S. 

^roTij 0 . ^<o h z n<o^^ u TSStt-^-ii <rmn>mmt. mL<7>mm9</mxy^ ^r- k i o o 9 

^tt5xlOi*cm-3fc^:-3TV^S. k^tr&S. 

[0135] ^<0iete«0»®8T{4, llift«0Jg®6<0fl| [0145] "t^fc-^, l63Ka53 aSr«^l. Pa±^ 
j£KJD;cT. «^fi£ai&2JIlSjSt -e<^rafc«ag HJi4±fc:{±. ^10GaP«i^i£iSc«l 0 7a*5 

iait«66, 6 8i^^(^iO'C. m2cO«^feliJi8 7 Jgrit^ftTiJ'). «ga£ii«l 0 7 aW^JipSffia 

b x-wmrnm&mM 6 6,6 8<J5^aa*T'jE*« « 9 5 1 i osi^tiT v^s . ^tsipw 9 stosffitom^ 

-5^«SDe»5, l5lco^e:iS«8 7a-c2f.t:j£*«i.c: 30 M«JiW±. ^fflBuGaP|^aiha9 6*iffiS;$ixT 

tt^rO. %3t<SiSJ^J:'3J£tfSC:t*«-C^5S6**«* v^S. tfe. ±iefilga9 5at^«SPaitS9 6±t 

4. {4, m2<OpSGaP®afiSSt«10 7b)&5J^ja$aT 

[0136] {miA<mm9 ) m9\i^?mrmi<m a o . ^asasffca i o 7 bco^Bta. ±E®aaii: 

!S9fc:J:S^3fcr'f5i--H <^l8tffl«t S9 6f:*fl»rr5J:d, AuZnA>ii>^rSpSSfiil 1 

<OJg®l<Oj%3fc}^-fj!--H1001i:ll-<Ot><O^S^t [0 1 4 6 1 ClCl-C. JiS^KO^tSfelSl® 1 07 a& 

•cv^s. t^iB2<o«aasiwiio7b<^i^±'fit-e<t2. 5ju 

[0137] 10 09\i:^mMmm9(Omt^^:^- mtKc-yXa*). ^c^\^-^^yy-znco^^rVTwmi 

H-C. 'KS«^19 6S-^a;i:LrfcO> t:'::. «a •?-ti-fn5xiO»8cin-3i:^roTV^^, 

19 5kUT. Gal nPB^fflV^TV^-S. -e^OffiCDfli 40 [ 0 1 4 7 1 CKOUffit^Sl OTti. ^lffO«8gffl 

&iimsi&mmi(r>m:r^ ^-k i o o i i:i^--efc ji:fl9 6^ i o . mMmjtM9 emmtz^timf 

[0138]-:>t'9. fit^9 5(4paGai-y I nyP MSCTMlzMlX . «ga£iJcl?:2l^ffigfc ^(7) 

S*»^.«jS$iLTfcD. -5-<0fflfi!tJty{±y = 0. 5. ^ Stcmsafljh«96$-^(rcv^S/!i^. m2co^ai^ 

tOK->'^>hZn(?5=3f^Ur^{45X 1 Oi8cm-3. Ml 07 b-Cm^rf(r>WSSi±MnW3Mt-CJti¥r> 

^<DmmiO. Ijumfc^roTV^S. 3t«C&i(S, lll£^^SS£tS[^10 7aTS^fc:Jw&^SC: 

[0139] pamSEfflit«96J±. (Al.G tK^rO. SttStfctti.lB!&S«^J: OiStf 

ai-,)i-yIn,P® (O^xgl. 0^ygl)«*» "C^i-^JiP&S. 

'i.filJKSnTtJO. -eofiflUtx, yll. x=0. y= [0 148] (^C0jg®l 1 ) 01 l{4*l|BHc7)^ 
Ok^r-jtv^S. 50 c7flg®l ltJ:SIBt:J^^^-K <0 
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limmcmm i corner ^ :t- h i o o 1 1 m-(oi>ff) 
[0 14 9] 1 0 1 ni^mt^immi kti^^a^ 

-HT. Z(rmty^^-\^ 1 0 1 ITfi. «8SJ£ifcfl 
1 1 7t LT, ZnMgSSeli&fflV^TiaO. MBSS 
tKlfcSl ITiWipSZnTeay^'^'hSl 1 9S: 
rrt-LT. AuZn*»^>^rSpS®fiil l3!)«IS{t^>itTV^ 

5. ■e<^oig^{±iiit<^jg®ifc5^-rt><oti^--c* 

[015010^0. mSatSC»117(i. (Zn.M 
gi-i) Si-ySe, (O^xgl. 0<y^l)«*»'J> 
ffi^SiiTfeO. -eoffl^x. ylix = 0. 8 5. y 
= 0. 85. HWNVhZiKO^-vUriiSJilxlO 

[0 1511 i:^. ±apSZnTe3y^'i?h«ll 

9{i. ^ffiY-f^yvn {mm) m^^jrmmtix 

10i»cm-^ S®iO. 5/xmi:^:-?TV^S. 
[0152] *ie^K:J:S^*fBt^^^t:J«*I&lt^ 
«E*9«niL«tS5:igL,/ctC:^. t-^'»E^58 5n 

[0 153] tfc. MttBOttfiES: (AlxGai-x) 
i-,InyP (x = 0. 50. y = 0. 50) thttbZ 
t:-^?»[S5 5 5ninT-5cd?:jSi.S*HlbfefBt 

[0154] 2|s^it«0Jg® 1 Iftt. 117 
fcL-T. (Zn.Mgi-,) Si-ySey (O^xgl. 0 
^yg 1 ) «^fflVi;t<0-C. GaPatraaifclA 1 S-^r 

[01 551 Jntt. (ZnxMgi-i) Si-,Se7 (0 
gxgl. Ogy^l) ttGaAsa«tiitX%3ieai: 

[015 61 *3t. J:i£ZnMgSSe»±«;SiaS3!i* 
6 0 0 • C i:fi< . «SiaiJiJiO}gJS«ra«0|gt=:?m 

[01 5 7i^:fc. ::<7^<?5jg®i i-c{4. msasiJc 

Si: tTZnMgSSel-&fflV'>/iic7)5^L:'i3&*. K 
«^fC®fc LTH. ZnTelfrfflV^t:*>J:<. ^ICO 
J^t>±ailSS«o}BSi 1 fc^«f:«»l&*s#'^.<xS. 
[0 1581 (|lte«0}g®12)@12{±2^^Jco||Sfi 
<mm.\ 2tJ:SI63fer^5r-H (it^tti3%3l^^) <0 

\%mk<m%.\<^:^^^ :t- K 1 0 0 1 i:P--Ot,c7) 

[015 91 \ Q\2\iiF$msm%\'2.(^mty^^ 



-HT. ±E^<^«gffi 1 <^)ll3t^^^ H 1 0 0 1 fc 
^gJEIfeH 1 2 7 nSG a -^mt^hWS.'LX^^h 

[0 16 0l±S«S[fi£lill2 7{4. pSGai-yl 
n,NS(0^ygl)*»'i^:0, 0l;Hf -ecoffl^y Ji 
y = 0-C*>0. -ewHW'O'bZnCO^^UTjSSJil 
X10i8cm-3. ■?-<0WW{15/xinT*>l). 

[01611 *llifi0!fc: i h^\imimi=^\i:.mmi:. 
10 ^^MnL.«i6«:S[L:ti:C:^). e-^'«;g5 85n 

m-C3t®&J7 c dS-ei.S|63fc6<#^.*l^. 
[ 0 1 6 2 1 S5ttl<omS- ( A 1 1 G ai-. ) 

nyP (x = 0. 50. y = 0. 50) tLstfcCl 
^. tf-^'»[:S5 5 5nm-e5cdf:i68x.«)tt»fel63t 

[016 31 vlcOUffit^Sl 2-Ctt. mtSJfili)il2 
7tGai-yI n,N« (O^y^ 1 ) «SrfflV^fe<^'C. 
ffl^t J: OUSSojgffit l<OGa PIJ: 0 \>f^y Y-^^ f 

[01641 tfc. «aa£l![«fc. (AUGai-x) 
nyNS (0<x^0. 3. Qgy^D SSrfflU 

t:t>.Aim*«o. 3i3lT^^^^BMkli^5k^^:'=&• 

[016 51 Jn£T. GaN«SagiiS-Ct±3y^^'N 

30- ie5r^r< LT. fiffi<?D)gftra-bx&m^'C^S. 
[016 61 (Ilte<0»®13) 013»42|i:^<7^. 

<0JgSl 3fe:J:S%3tr-fjr-H (^it^lBt^^) «o 
JiSUScojB® 1 <7)IBfey-f 1001 k^r-</)i>(0 
[01671 1013J4*^cojg®13cOll3fcJ^^^ 

-K-c. r<oi63tr-<:t-Hi 0 1 3-ctt. msaesits 
1 3 7t. m^3 ai:mm-hit-&mmmtm *) 

t)A*yKdf-V"yrc7)^#\»^Alffl^0. 3131T<^ (A 
40* liGai-.) i-y I nyPS (0<x^0. 3. O^y^ 

1 ) asrfflv^Tv^s. t^. ssmestfeiwii 3 7±fc: 

»i. pSGaAsn^'^'^'Ml 3 9^:frLT. AuZ 
n*>^>5:SpS«ffil l*«ffig5itt"i'^S. -^-Officofi! 

[0 1681±am8a£IS[113 7{i. pM(A1.G 
ai-x) i-y InyPW (0<xgO. 3. O^ySl) 
t-^m^^tiXm . -fcomitx, ytix=0. 1. 
y = 0. 1. h'->'N"yhZn<7)^-\'y7^ti5XlO 
»8cm-3. ■?-i7)SW{i5/xmk^oTV^S. ±E 
50 pMGaAs3y^^'M139«. ^(OY-^^yhZ 
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n<?3^-v'jrjiSi±5xioi8cm-3. ^(ommio. 

[0169] Z(rmii(mm I 3Tii. «Sa£liHl3 
7fc (AlxGai .) i-yl nyPB (0<x^0. 

3, OgySl) l^fflV^fccOT, a^Kiom^^ojB 

[ 0 1 7 1 1 J:aL/v:#»S«oj^Sfc: 
AimfctTO. 3i>l.(r^{±0. 5*fflV^5t**. Al 
W(mi(7^i:nhZtifiT^h. Ltii/^^X. Al 

[ 0 1 7 2 1 31^:, ■^a£IS[«^fflja«-S'(fc^Wl^ft 
SatSi •? t^^i^ yrtfizk^ < . A 1 2r 

[0 17 31 tt:. msnsAMw^yi'^^ -yrifim^ 

[ 0 1 7 4 ] ^y;;. J:£#||JS<0}B®r{i«««nfflfc 

LTHSSrr S i: *»'-c§ S . 
[0175] 

l^cDim] JJUK^idtc*^^ (»^1 ) t«s 

[ 0 1 7 6 ] «Sa£iJta^f63ta5J: "5 

[017 7] ^afelJcJBfcHilSlitT^kLTAl 

G a A s m^isssLmi:m^^tim^i>za.Kxmmtff)^ 

[0178] (mm 2 > izxh.t£. mm 1 co 
^wmmf^m^izMtx. m2mwM<owss^ 
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zbi^T^hm^hhi. 

[0179] (mms ) izxtin. vm±m 
btx. m^mimbmtm!m^(7i^imi:m^\ 
x^y^''J T<m>^imm bx^imi-t^m&b 

am^&mzx mm-thzb a^-c^ . mzx m 

JtXS*1S««KfC# tbb OUzmSiLti^m: 

^(r)mmM<7i^m(mt&!imzxhmmm<^ t 

[0180] (mm4 ) t iiitf. a*«3<o 
m^iztatx. ^2mmm.(n^siuWim^2mtzL. «i 

hWS&±MiWrx\''^ht:ib^ «M<o«sa6:iitaT' 

[0181] *i6BB (11^5 ) izxtui. msaaiUi 

m^mitT^ 5 fc fc t> fc, i8ifcj£fistut^f*fl 
mctt zbizx ?>msmm<zbi3i^i&b^t . 

[0182]*l|BH(ff^6) Kiiltf. mC!^5<r> 

mmzmtx^ m2^^<o«csa6ist^is-2«tc:t. c: 

iffl«o^!t:Sc«-c«ffiarrw«rgfflitflcoS)aa{ii-cj[5 
ip-yfi-^u^. msim<7y^&wmx^t^\.zm^h:L 

[0183]*l|HB<ff*«7) fciiltf. SSSfeblkl 
$-GaPl'Cfl!jSL-CV^«.<0-C. a«Sa!^*»'A 1 •& 

±ti. GaPBJifiaWLED-CmSafilWii: 
LTfflV ^TV^SAlGaAsiO fc^^V tTV-K 

Kh. nfcx. G3,vm\twm^^mth^bif'-x% 
[0184] (mms ) izxtm. m^mm 

5: (ZmMgi-.) Si-,Se,.(0^xgl , O^yg 
1 ) aj>SV%{iZnTel-Cfi!«Lt:v^S<0-C. WlX^ 

mimifi±^m7 bmmA i t:^t^j:\.^ii<7)b^^ 
tiib. m{tizximm(o&Tm<. :mizwmi 

^mthZbifiX^h. tt:. (Zn.Mgi-.) Si-, 
S ey«ibSV^IiZ nTelJiGa PS J: 0 t^-^y 
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mt^^^'f^ti'ni^tii.Mtx. (znxMgi-.)s mdi'hh. 

i-.Sey®ASV^{±ZnTefl«GaAsS«t>J:i;^ [0191] *|&HH (H^l 4 ) KiiUf. m^mL 



[0185] (mm 9 > izxtm. vm.m asatiii^ isis-ts^^^frwA 1 mjfi 



isrii^^j:<.i^izm.^i<!m-r&zbii^T^i>. t 10 tzisMx^. x*)^comtiim'^:\t!i±^■tf::mm^<^■ 
[01861 *iiHB (fs*fl 1 0 ) izxtrn. im^n^mM^f^mkrvi^xi^ayxnmizj^L 
mtm^tff)miz. GBLi-yinyP^mm io^y^ tv^s. 

1 ) «r^JtTv^s3ty)s s««fr<^ (A i.Gai-. ) m2] ^^mom&<mn2izx^^^^tM=f^ 

[01871 1 1 ) tzxtiii. miB^ [04 1 :ii^mrmii<mm4izxt^i^mmi^ 

Kit*?:. AliGai-.As ( O^x^ 1 ) flftSV^i tm^fFct^^TSyh , 

(Al.Gai-i) 1,1 n,P (0<xgl. 0<yS [05 1 *%H*'5|ISS<0^5tCj:S^*5ye*^ 

1 ) «*»f>«^L . mE«RgM5^ . G a i , I n, P ( 0 W^^^SmBiVht . 

gyS 1 ) «3!»»^.ffi«L-C(.^S«-C. SSaitSJ-i y [061 *fW*0||te<0}gS6fc:iS^fl£|&3t^^<7) 

ym^comsL. mktmtn:*m^b<r>m^m. (jm ■. imi i ^^m>mimmnzx&^f^^mmT<D 

H2O2 : H2Oi&Sf€<0Ji^fc^Lfct«) . feSv^ fflja^S^-fBrfflHTfeS. 

J±i* «^i:igS<7)S^ai) ^^fflV^S^kti "5. [081 *5Kft?5^«0^®8fclS^«c^3K^^<0 

[01881 *I6HB (H^i 2 ) feri^ttf. rnmUc [01 01 *l6BB<^SS<0}gSl 0k:J:&i|i^*^3ieg, 

0. 3jaT<ofl:^!H!ii|i®{<crfli«UTv^S3t«>. A I ^ [0111 ^w^itnmsinmmi itzxi^w^^' 

[0 1891 *iiHB (iMi 3) tititf. mss&sc mi3}^m<mmmmi 3izxi>^wmM: 

0 . 3&.r<DA 1 G a I n Pfl-Cfil^LTV^S/::*. « [0141 t^3l^<?>##*l^?^fiBiSr*-fBrffi0* 

ga£licii{4K'(l:;$mc<i^tcof:^:0. m!ffitt<OiST** Tfcl.. 

Rfeff S . [0151 fi!*M£0«Saftil:«i&fflv^fe^ftll5^S^ 

[0 1901 tt:^ AlGa I nPflliAlffl^'O. eDl^^^-rBfffi0rS>S. 

3WT-Cfc-:>T<>fi!*cOLEDT®Sa£tJcli:tTfflv^ [^^^c7)i^HHl 

;tAlGaAsJ:0«>''<yK^^'y:rSr:;*:&<S^S 1 n-GaAs^fi 

ztnzx'o^(miiim^t^±^^x.-m^(^ 3,33 rstts 

^«c3(Bt^^S^#5^fc3!)«T-^&. jDxr. AlGal 3a. 33a fBISS 
nPHiGaAsSSt>J:t;'ffe3KSStt&m&*f^lE^ 50 4 p-ir^^-yKS 



m^m^x *) i>^<y y-rc^^ v^a i 

0. 3JaTOAlGa I nNfltJ:"5l8l£tTVi5fc 



^ Gai-y I nyN ( O^y^ 1 ) S-CfllfiRfCV^SJt 



0. 3&.TX3>'>Xi>. GaPJ:Ot»'N>K^A' yrS: 
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5.45,75.95 ffiSl 

6. 26. 36. 46, 56. 66. 68, 76. 96 



7. 57, 58, 87a. 87b. 107a. 107 
b. 117. 127. 137 
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10 nmMM 
1 1 pM«S 

139 pm^yis^i^hm 

100 1-10 13 ^a^mtm^ 
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